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[57) ABSTRACT

Spin coating of resist on a semiconductor wafer is done
in a controlled chamber, starting with introducing a
resist solvent vapor into the chamber from a nozzle or
an adjacent chamber, applying the resist by spraying a
very thin layer of the resist material and then removing
solvent from the chamber. The result is a saving in resist
material and enhanced coating uniformity.

14 Claims, 3 Drawing Sheets
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MATERIAL-SAVING RESIST SPINNER AND
PROCESS

This application is a continuation of prior application 5
Ser. No. 07/784,290 filed on Oct. 9, 1991, now aban-
doned.

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION 10

This invention relates to apparatus for spinning of
photoresist upon a work piece, and more particularly to
optimizing the quantity of photoresist used.

2. DESCRIPTION OF RELATED ART

In photolithography, photoresist (also usually re- 1°
ferred to in the art as resist and referred to both ways
herein interchangeably) i1s deposited upon a work piece
to be patterned by the photolithography process. The
expense of the quantity of photoresist used is the most
or nearly the most expensive part of the cost of the 20
process currently, depending upon prices of the materi-
als used. Unfortunately, conventional resist spinners
waste expensive resist material. In an application to
manufacturing of semiconductor wafers, for example, a
thick film of photoresist in the form of a puddle millime- 2°
ters in height is delivered to cover most of a semicon-
ductor wafer. Then the surplus photoresist material is
spun off the semiconductor wafer surface, leaving an
ultimate thickness of photoresist which is only on the
order of several micrometers on the surface of the wa-
fer. A very economical process currently requires 5 mli
of photoresist material for each six inch diameter wafer.

U.S. Pat. No. 4,800,836 of Yamamoto et al for “Resist
Coating Apparatus’” neither introduces nor removes 35
vapor from the chamber in which the resist is dumped
on the substrate. No spraying is employed and there is
no delay after application.

U.S. Pat. No. 4,416,213 of Sakiya for “Rotary Coat-
ing Apparatus” does not control the environment of the 4,
deposited resist.

U.S. Pat. No. 4,290,384 of Ausschnitt et al for “Coat-
ing Apparatus" suggests use of a mist but no spray and
no spinning.

Japanese J6001248-A 85.01.19 (8509) Fujitsu, de- 45
scribes a resist coating method in which the atmosphere
of resist solvent vapor is formed adjacent a semiconduc-
tor substrate and the resist 1s coated onto the semicon-
ductor substrate. The solvent is discharged from one
side of a porous disc. The resist 1s dropped onto the sg
substrate. There is no spraying and no savings in resist
maternal.

Japanese J02113518A 90.04.25 (9023) Mitsubishi
Denki KK describes a resist coating device with a circu-
lar passage to introduce resist mist at a place surround- 55
ing the wafer on a spin chuck.

Japanese J02100314A 90.04.12 (9021) NEC Corp.
describes an mner wall cup to coat a film of solvent or
gas of photoresist.

In accordance with this invention, apparatus for 60
treating a polymer coated substrate comprises as fol-
lows:

a) a support for the substrate,

b) an controlled chamber surrounding the substrate

and the support, 65

c) means for introducing a solvent vapor into the

chamber and

d) means for removing the solvent from the chamber.

30
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Preferably, the support 1s rotatably supported for
spinning.

Further in accordance with this invention, apparatus
for treating a polymer coated substrate comprises:

a) a support for the substrate, the support being rotat-

ably supported for spinning,

b) an enclosed chamber surrounding the substrate and

the support,

c) means for introducing a solvent vapor into the

chamber, and

d) means for removing the solvent from the chamber

comprising an evacuated chamber coupled with
the enclosed chamber for removing the solvent
vapor from the enclosed chamber. Preferably, the
means for mtroducing includes means for vaporiz-
ing solvent, and the means for mtroducmg the
solvent vapor comprises at least one vaporizing
nozzle, and the support is rotatably supported for
spinning.

The means for introducing can comprise an auxiliary
vapor chamber coupled with the enclosed chamber for
providing the solvent vapor to the enclosed chamber,
or the means for removing comprises an evacuated
chamber coupled with the enclosed chamber for re-
moving the solvent vapor from the enclosed chamber.
At least one vaporizing nozzle is provided for vaporiz-
mg solvent vapor. The means for introducing can com-
prise an auxiliary vapor chamber coupled with the en-

closed chamber for providing the solvent vapor to the
enclosed chamber.

The apparatus for coating a substrate with a polymer
or other material comprises:

a) a support for the substrate,

b) a sealed chamber surrounding the substrate and the
support,

¢) means for introducing a solvent vapor into the
chamber,

'd) means for applying the polymer to the substrate,
and

e) means for removing the solvent from the chamber.

Preferably, the support is rotatably supported for
spinning. The means for introducing includes means for
vaporizing solvent. The means for introducing the sol-
vent vapor comprises at least one nozzle. In another
embodiment the means for introducing the solvent
vapor comprises at least one vaporizing nozzle and the

support 1s rotatably supported for spinning. Alterna-
tively, the means for introducing comprises an auxiliary
vapor chamber coupled with the enclosed chamber for
providing the solvent vapor to the enclosed chamber.

The means for removing comprises an evacuated
chamber coupled with the enclosed chamber for re-
moving the solvent vapor from the enclosed chamber.
The means for applying the polymer comprises a spray-
Ing nozzle. Preferably, the means for applying the poly-
mer comprises a plurality of spraying nozzles, which
preferably are oriented obliquely.

A process of spin coatmg a soluble coating matenal
upon a substrate comprising

a. applying a solvent enriching vapor upon a sub-
strate,

b. subsequently spraying the coating material upon
the substrate,

c. spinning the substrate, whereby thickness and uni-
formity are controlled.

Preferably, the process includes features as follows:

1. A spread out delay time is introduced between the
spraying step and the spinning step.
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2. The coating material comprises resist.

3. The substrate is spun at a high rpm during solvent

vapor introduction.

4. The substrate is spun at a substantially lower or

zero rpm during introduction of coating material. 5

After a step of thickness regulating spinning, a delay
time is introduced before a step of solvent vapor evacu-
ation.

During the spinning step and a spread out delay time,
vapor pressure of the solvent enriching vapor is main-
tained substantially stable.

During the spinning step, solvent vapor pressure is
substantially reduced by exhaust thereof into an evacua-
tion outlet.

Ultrasonic agitation is applied to the system, during
the delay time, before spinning.

Vibratory agitation is applied to the system, during
the delay time, before spinning.

In another embodiment, the nozzles are scanned.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a processing chamber for applying
resist to a wafer supported upon a spinner chuck.

FI1G. 2 shows the processing chamber of FIG. 1 jux-
taposed with a vapor chamber containing a pool of 25
liquid and vapor thereabove with a passageway leading
to the processing chamber with an intervening load
lock door, for replacing the vaporizing nozzle of FIG.

1. An evacuation chamber is connected to the process-
ing chamber through another passageway controlled by 30
another load lock door to the processing chamber.

FIG. 3 shows a modification of the system of FIG. 1
with a multiple set of nozzles across the top surface of
the processing chamber.

FI1G. 4 shows a modification of the system of FIG. 3 35
with the nozzles scanning linearly or rotationally.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The technology exists to deliver a coating several 40
mirometers (um) thick upon a semiconductor wafer.
For example, even so coarse a technology as spray
painting could be employed for that purpose broadly.
However, the uniformity of thickness and the control of
the absolute thickness are far below those required for 45
semiconductor processing.

The process of this invention involves spraying resist
upon the work piece to cover it with only a few mi-
crometers of photoresist. Concomitantly, the photore- -
sist material 1s prevented from drying rapidly by provi- 50
sion of a controlled environment. A third control fea-
ture employed 1n accordance with this invention is the
use of high speed spinning to control the thickness and
uniformity of the resist. Because the final step of the
process is similar to that used in conventional resist 55
processing, the thickness and uniformity control are
performed to at least as good a standard. Their perfor-
mance are enhanced because the resist can planarize
more fully using this process which retains vapor pres-
sure longer.

FIG. 1 shows an embodiment of a system for practic-
ing the present invention. A reasonably airtight spinner
chamber 10 (i.e. an enclosed, controlled chamber)
houses a rotating chuck 12 driven by shaft 11. The
chuck 12 carries a work piece, 1.e. substrate, in the form
of a semiconductor wafer 14. A vaporizing nozzle 16
delivers liquid solvent for the photoresist to the cham-
ber 10 prior to the step of spray coating the photoresist.
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Next, the resist is applied to the wafer 14 from the spray
nozzle 18. After the desired uniformity and wet thick-
ness are achieved by spinning, the vapor can be re-
moved from chamber 10 to facilitate proper drying, by
a conventional vent (not shown for convenience of
illustration, but see FIG. 2 and the discussion thereof
below.) Alternatively, the wafer 14 is relocated to a Iow
vapor environment. Subsequently, the wafer 14 is baked

1n a conventional manner.

FIG. 2 shows a vapor chamber 26 containing a pool

of liquid 29 and vapor 30 thereabove with a passageway
23 leading to chamber 10 which can be closed by a load

lock door 22. The vapor from chamber 26 can be used
as a source to replace the vaporizing nozzle 16 in FIG.
1. An evacuation chamber 28 is shown connected
through passageway 24 controlled by load lock door 21
to chamber 10 for removing the solvent vapor from the
chamber 10 at the end of the process of planarizing the
resist.

FIG. 3 shows a multiple set of nozzles 18 across the
top surface of chamber 10 provided to supply photore-
sist sprays upon the wafer 14 more uniformly. A fixed
matrix of nozzles 18 as shown in FIG. 3 or a scanning
array of nozzles 18 as shown in FIG. 4 can be employed
to provide that result. FIG. 4 shows a modification of
the system of FIG. 3 with the nozzles scanning linearly
or rotationally. In those variations, in one arrangement
the nozzles 18 reciprocate linearly along path 31 paral-
lel to the z axis. In the other arrangement the nozzles 18
rotate about circular paths as viewed from the x, y plane
while directed at oblique angles.

The concentration of the solvent vapor should be
kept high to prevent drying of the resist, yet not satu-
rated such that the solvent may condense on a wafer 14,
causing a non-uniform coating. The amount and dura-
tion of the solvent spray is a function of the duration
and the quantity of the solvent in the resist which is
sprayed upon wafer 14. A longer resist spray time or a
higher resist dilution can use a shorter solvent spray
duration. |

EXAMPLE
An amount of 0.8 ml of approximate mixture of as
follows:
2-ethoxy ethyl acetate 5 parts
4-butyrol acetone 1 part

was sprayed into an approximately 3 liter closed cham-
ber with an air brush at a pressure of 20 psia for a dura-
tion of 2 seconds prior to application of the resist which
has a 32% solid content. The liquid resist was sprayed
upon the 3 inch wafers for approximately 2 seconds.
The wet resist had a thickness of approximately 10 pm.
When the resist coverage is increased five times by
spraying liquid resist, proportionately longer, no sol-
vent pre-spray is required. The resist used to spray the
three inch wafers is about 0.05 ml per wafer. Using the
conventional puddle.coating process, 1 ml of resist is
required, which is about 20 times more or greater than
an order of magnitude. To facilitate uniform spraying of
resist from nozzles 18, the wafer 14 was spun at 60 rpm
and the air brush system was aimed slightly off center to
deliver more material from nozzles 18 towards the pe-
riphery of the wafer 14. Spread out time ran about 20 to
30 seconds to yield satisfactory uniformity.

An optimized vapor spray coating tool can further
reduce the quantity of material consumed in the coating
process. It is desirable to maintain the wafer 14 spinning
at a lmgh velocity rpm during the vapor introduction, so
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that if any solvent drops upon the wafer 14, it will be
- spread out thinly and uniformly. In a manufacturing
system, multiple nozzles 18 can be used to spray more
material towards the outside of the wafer 14.

SPREAD OUT TIME

A very important step in this invention is to allow the
resist to spread out uniformly by delaying the thickness-
controlling spinning after the spray of resist from noz-
zles 18. The duration of the spread out time varies as a
function of as follows:

1) the viscosity of the resist,

2) the force of impact of the sprayed resist droplets,

3) the vapor pressure of the solvent.

Without the spread out delay in the example cited
above, the coating was found to be full of radially ori-
ented non-uniformity.

When plananization over topography is desired, a
second spread out process can be used after the resist
spun off has stopped being spun off, so that resist piled
up at the edges of wafer topographical features due to
centrifugal force can now settle down and spread out
flat over the surface of the substrate.

The resultant baked resist has an average thickness of
about 1.05 pum and a standard deviation of 0.3%, 25
whereas that of the control wafers has an average thick-
ness of 1.3um and a standard deviation of 1.5% at a spin
speed of 3480 rpm. The larger thickness from the con-
trol wafers confirms that the resist has started drying as
soon as it forms a puddle on the wafer.

In summary, one or more nozzles 1s used to spray
resist upon the wafer.

Preferably, a spinning step, after deposition of the
resist 1s provided for thickness and umiformity control.

‘The resist solvent vapor pressure above the vapor is

maintained high before resist is spun off the wafer. After
the desired uniformity of thickness and wet thickness
are achieved, the solvent vapor can be removed during
the spinning. Alternately, the solvent vapor is removed
after the spinning and a second spread out. Solvent
vapor is removed to promote rapid drying. The film is
applied at more than 1 micrometer and spun down to 1
micrometer.
A delay time is deliberately introduced between the
spraying of the coating material and the spinning steps.
Ultrasonic or vibratory agitation is applied to the sys-
tem during the delay time to shorten the duration of the
delay time among other things. Thus the ultrasonic or
vibratory agitation 1s applied to the system, during the
delay time, before spinning.

Preferably, the substrate is spun

at a high rpm during the introduction of vapor

at a substantially lower rpm during spraying and

at the thickness-regulating rpm after spraying and

spread out.

A preferred embodiment of this invention is to pro-
vide a high rpm spinning step during the introduction of
the solvent vapor. -

A further preferred embodiment of this invention is
to provide a low or zero rpm spinning step during
spraying of the resist matenial onto the substrate.

During the final spinning step, solvent vapor pressure
is maintained or evacuated depending upon the degree
of planarization desired, with early evacuation provid-
ing higher throughput but less planarization.

A second spread out delay between the final spinning
step and resist drying can be used to further planarize
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the resist coating but with corresponding reduction in
throughput. |

What 1s claimed is:

1. Apparatus for treating a coated substrate compris-
ing:

a) a support for a substrate,

b) a controlled environment chamber surrounding
saild support and any substrate supported thereby,

c) means for introducing a solvent vapor into said
chamber and,

d) means for removing said solvent from said cham-
ber comprising an evacuated chamber coupled
with said enclosed chamber for removing said sol-
vent vapor from said enclosed chamber.

2. Apparatus in accordance with claim 1 wherein said

support 1s rotatably supported for spinning.

3. Apparatus in accordance with claim 1 wherein said
means for introducing includes means for vaporizing
solvent.

4. Apparatus in accordance with claim 1 wherein said
means for introducing said solvent vapor comprises at
least one vaporizing nozzle.

S. Apparatus in accordance with claim 1 wherein said
means for introducing said solvent vapor comprises at
least one vaporizing nozzle, and said support is rotat-
ably supported for spinning.

6. Apparatus in accordance with claim 1 wherein said
means for introducing comprises an auxiliary vapor
chamber coupled with said enclosed chamber for pro-
viding said solvent vapor to said enclosed chamber.

7. Apparatus for coating a substrate with a polymer
comprising;:

a) a support for a substrate,

b) a sealed chamber surrounding said support and any
substrate supported thereby,

¢) means for introducing a solvent vapor into said
chamber,

d) means for applying said polymer to said substrate
comprising a plurality of spraying nozzles, wherein
said spraying nozzles are arrayed across said sup-
ported substrate, and

e) means for removing said solvent from said cham-

ber.

8. Apparatus in accordance with claim 7 wherein said
support 1s rotatably supported for spinning.

9. Apparatus in accordance with claim 7 wherein said
means for introducing includes means for vaporizing
solvent.

10. Apparatus in accordance with claim 7 wherein
said means for introducing said solvent vapor comprises
at least one nozzle.

11. Apparatus in accordance with claim 7 wherein
said means for introducing said solvent vapor comprises
at least one vaporizing nozzle and said support is rotat-
ably supported for spinning.

12. Apparatus in accordance with claim 7 wherein
said means for introducing comprises an auxiliary vapor
chamber coupled with said enclosed chamber for pro-
viding said solvent vapor to said enclosed chamber.

13. Apparatus in accordance with claim 7 wherein
said means for removing comprises an evacuated cham-
ber coupled with said enclosed chamber for removing
said solvent vapor from said enclosed chamber.

14. Apparatus in accordance with claim 7 wherein

said plurality of spraying nozzles are oriented obliquely

to said substrate.
: x - * - *
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